Analysis of Machining Mechanism in Diamond Turning of Germanium Lenses  by Pawase, Prasad et al.
 Procedia Materials Science  5 ( 2014 )  2363 – 2368 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).







3UDVDG 3DZDVHD 3 . %UDKPDQNDUD 5 6 3DZDGHDDQG 5%DODVXEUDPDQLXPE




,QIUDUHG OHQVHV DUH EHFRPLQJ YLWDO SDUW LQ PLOLWDU\ DQG PHGLFDO DSSOLFDWLRQV *HUPDQLXP PDWHULDOV DUH SUHIHUDEOH IRU VXFK
DSSOLFDWLRQV EHFDXVH RI LWV KLJKHVW UHIUDFWLYLW\ DPRQJ RWKHU PDWHULDOV 'LIIHUHQW IRUPV RI OHQVHV KHOSV WR UHGXFH RSWLFDO
DEHUUDWLRQV 7RJHWGHVLUHGGLPHQVLRQDODQGIRUPDFFXUDF\GLDPRQGWXUQLQJLVSUHIHUDEOH0RRUHWRROV 83/ GLDPRQGWXUQLQJ







,QIUDUHG UDGLDWLRQ LVHPLWWHGE\DOOREMHFWVEDVHGRQ WKHLU WHPSHUDWXUHV+XPDQVDQG RWKHU OLYLQJ WKLQJVRUKRW






© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
2364   Prasad Pawase et al. /  Procedia Materials Science  5 ( 2014 )  2363 – 2368 
ZLWK GHVLUHG GLPHQVLRQDO WROHUDQFH DQG VXUIDFH TXDOLW\ LV FUXFLDO 7KHUHIRUH UHODWHG VWXGLHV DUH FRQWLQXRXVO\
SHUIRUPHGWRGHFUHDVHWKHFRVWFRQVLGHULQJWKHKLJKSURGXFWLRQUDWH
7UDGLWLRQDOPDFKLQLQJPHWKRGVIRUSURGXFLQJRSWLFDOSDUWVKDYHEHHQKLJKO\GHSHQGHQWRQ WKHXVH RI WKH ORRVH
DEUDVLYH SURFHVVHV OLNH ODSSLQJ DQG SROLVKLQJ ,QGHHG WKHVH SURFHVVHV KDYH SURYHG H[WUHPHO\ VXFFHVVIXO LQ WKH
PDQXIDFWXUH RI KLJK TXDOLW\ SODQDU DQG VSKHULFDO VXUIDFHV +RZHYHU WKH LPSOHPHQWDWLRQ RI VXFK PDFKLQLQJ
SURFHVVHVIRUWKHPDQXIDFWXUHRIPRUHFRPSOH[VKDSHREMHFWLYHVKDYHEHHQIDUOHVVVXFFHVVIXOZKHQDVVHVVHGIURP
ERWKDTXDOLW\DQGFRVWHIIHFWLYHQHVVVWDQGSRLQW
6LQJOHSRLQWGLDPRQG WXUQLQJ63'7 LVDQHVWDEOLVKHGXOWUD SUHFLVLRQPDQXIDFWXULQJPHWKRGXVHG WRSURGXFH
RSWLFVRQDYDULHW\RIFODVVLFDOHQJLQHHULQJPDWHULDOVXVLQJD VLQJOHSRLQWGLDPRQGFXWWLQJ WRRO 5KRUHU5HW DO
 63'7 LV SUHIHUUHG IRU LWV XQLTXH FDSDELOLW\ WR HIILFLHQWO\ SURGXFH WKUHH GLPHQVLRQDO IUHHIRUP VWUXFWXUHV
0RUHRYHUWKHFRPSRQHQWVSURGXFHGWKURXJKDQ63'7RSHUDWLRQKDYHPXFKEHWWHUPHWDOOXUJLFDOVWUXFWXUHWKDQWKH
RQHREWDLQHGWKURXJKSROLVKLQJDQGODSSLQJSURFHVVHV 6DLWR7HWDO 7KLVFRXSOHVIXUWKHUZLWKWKHIDFWWKDW
63'7 RIIHUV IOH[LELOLW\ RI JHQHUDWHG ILJXUH EHWWHU VWHSGHILQLWLRQ GHWHUPLQLVWLF IRUP DFFXUDF\ DQG HFRQRP\ RI
IDEULFDWLRQ WLPH %ULQNVPHLHU ( HW DO  7KHUHIRUH 63'7 RI JHUPDQLXP LV RI VLJQLILFDQW WHFKQRORJLFDO
LQWHUHVW DQG HFRQRPLF DGYDQWDJH IRU YDULRXV LQGXVWULDO DSSOLFDWLRQV 7KH DLP RI WKLV ZRUN LV WR DQDO\]H FULWLFDO
PDFKLQLQJ SDUDPHWHUV DQG WRRO FRQGLWLRQZKLFK LV UHVSRQVLEOH IRU GLPHQVLRQDO DQG IRUP DFFXUDF\ RI WKH OHQVHV
7\SLFDOO\IRUPDFFXUDF\RIDQRSWLFDOFRPSRQHQWLVPHDVXUHGLQRSWLFDOIULQJHV+LJKTXDOLW\RSWLFVDUHUHTXLUHGWR
KDYH DFFXUDF\
V LQ WKH UDQJH RI  XS WR Ȝ ZKHUH Ȝ UDQJHV IURP  QP GHSHQGLQJ RQ WKH OHQV
PDQXIDFWXUHU7KHPRVWZLGHO\XVHGYDOXHIRUȜLVWKHZDYHOHQJWKRID+HOLXP1HRQODVHUZKLFKLVQP)RUP
DFFXUDF\ RI KLJK TXDOLW\ RSWLFV LV VWDWHG HLWKHU LQ WUDQVPLVVLRQ RU DV D VXUIDFHZDYH IURQW HUURU =\JR 3UHFLVLRQ
2SWLFV&DWDORJXH
%ODNH DQG6FDWWHUJRRG %ODNH31 DQG6FDWWHUJRRG52  VWXGLHG DERXW GXFWLOH UHJLPHPDFKLQLQJRI
JHUPDQLXP DQG VLOLFRQ /RZHU VXUIDFH URXJKQHVV RQ JHUPDQLXP DQG KLJKHU VXUIDFH URXJKQHVV RQ VLOLFRQ ZDUH
REVHUYHG GXH WR GLIIHUHQFH LQ WRRO ZHDU UDWH -DVLQHYLFLXV HW DO -DVLQHYLFLXV 5* HW DO  SHUIRUPHG
H[SHULPHQWPDFKLQLQJRIPRQRFU\VWDOOLQHVLOLFRQZLWKRULHQWDWLRQE\VLQJOHSRLQWGLDPRQGWXUQLQJPDFKLQH
&KDQJLQJ WKH IHHG UDWH IURP ORZHU WR KLJKHU YDOXHV FKDQJHV WKH PRGH IURP GXFWLOH WR EULWWOH DQG GHFUHDVHV WKH
VXUIDFHILQLVK<DQHWDO<DQ-6\RML.7DPDNL-  VWXGLHGWKHZHDURIGLDPRQGWRROVZKLOHPDFKLQLQJ
VLQJOH FU\VWDO VLOLFRQE\XOWUDSUHFLVLRQGLDPRQG WXUQLQJ7KH\ IRXQG FKDQJHRIPDFKLQLQJ IURPGXFWLOH WREULWWOH
PRGHDVD UHVXOWRI WRROZHDU/HXQJHWDO  /HXQJ73/HH:%/X;0 GLDPRQG WXUQLQJRI VLOLFRQ
VLQJOH FU\VWDO RQ D FRPPHUFLDO GLDPRQG WXUQLQJ ODWKH  7KH\ HPSKDVL]HG WKDW WKH VXFFHVV RI WKH WXUQLQJ SURFHVV
GHSHQGV RQ RSWLPL]LQJ WKH PDFKLQLQJ SDUDPHWHUV VXFK DV IHHG UDWH GHSWK RI FXW WRRO UDNH DQJOHV WKH FXWWLQJ
OXEULFDQWVDQGWKHFU\VWDOORJUDSKLFRULHQWDWLRQRIWKHFU\VWDOEHLQJFXW,QWKHVWXG\RI6KLPRPXUDHWDO 6KLPRPXUD
2 HW DO  VLOLFRQ DQG JHUPDQLXP KDYH EHHQ VWXGLHG DQG LW ZDV VKRZQ WKDW DPRUSKRXV VLOLFRQ UHYHUVLEO\
WUDQVIRUPVWRPHWDOOLFSKDVHZLWKEWLQVWUXFWXUHXQGHUKLJKSUHVVXUH0RUULVHWDO 0RUULV-& HWDO  VWXGLHG
SKDVH WUDQVIRUPDWLRQ LQ VHPLFRQGXFWRUV DQG QRWHG WKDW WKH KLJK SUHVVXUH RYHU *SD XQGHU FXWWLQJ WRRO FDXVHV





GHPRQVWUDWHG WKH GHSHQGHQFH RI FU\VWDOORJUDSKLF GLUHFWLRQV LQ GXFWLOHUHJLPH PDFKLQLQJ 'LDPRQG WXUQLQJ
H[SHULPHQWVZHUHSHUIRUPHGDORQJDOOGLUHFWLRQVRQDQGSODQHVRI VLQJOHFU\VWDOVLOLFRQ ,WZDV IRXQG
WKDWWKHFU\VWDOORJUDSKLFRULHQWDWLRQDIIHFWHGWKHGXFWLOHPDFKLQLQJIRUDFU\VWDOVLJQLILFDQWO\PRUHWKDQIRUD
FU\VWDO0D[LPXPSHUFHQWDJHRIGXFWLOHPRGHPDWHULDOUHPRYDOLQZDVZKHUHDVIRUFU\VWDO
WKLV UDWLR DOPRVW UHDFKHG  IRU D FKLS WKLFNQHVV YDOXH RI  ȝP ,W LV WKXV UHVXOWHG WKDW YHU\ IHZ DXWKRUV KDYH
H[SHULPHQWHGJHUPDQLXPDVOHQVPDFKLQLQJLQYLHZRIWKHDERYHWKLVZRUNDWWHPSWVWRILOOWKHJDSLQWKHOLWHUDWXUH






WKLFNQHVV LV XVHG2QH VXUIDFH LV FRQYH[RI UDGLXVRI FXUYDWXUHPPDQGRWKHU VXUIDFH LV FRQFDYHRI UDGLXVRI
FXUYDWXUHRIPPRSWLFDOJUDGHJHUPDQLXP0RQRFU\VWDOOLQHQDWXUHZLWK  RULHQWDWLRQDQGGLDPRQGFXELF
FU\VWDO VWUXFWXUH 5HVLVWLYLW\ LV  2KPFP LW LV VLOYHU\ JUD\ EULWWOH DQG VHPLPHWDOOLF PDWHULDOV 7KH






'XULQJ PDFKLQLQJ DSSOLFDWLRQV OHQV LV PRXQWHG RQ DHURVWDWLF VSLQGOH ZKLFK FDQ WUDYHO LQ ; D[LV 7RRO KROGHU
PRXQWHGRQK\GURVWDWLFJXLGHZD\VZKLFKFDQWUDYHOLQ = D[LV%\WKHVLPXOWDQHRXVFRQWURORIWKHVHWZRD[HVIODW
DQGVSKHULFDOVXUIDFHVFDQEHPDFKLQHG
%HIRUH WKHPDFKLQLQJRSWLFDOSDUW LV DWWDFKHG WR WKHFKXFNXVLQJYDFXXPDV VKRZQ LQ)LJDQG XVXDOO\FHQWUHG







LV JHQHUDWHG:KLOH PDFKLQLQJLWLVYHU\ LPSRUWDQWWKDWWRROPXVWUHDFKWRWKHFHQWUH7RROSDVVWRWKHFHQWUHRI MRE
WKHQLWZLOOFUHDWHV µ:¶ OLNHVXUIDFHURXJKQHVVSDWWHUQ,IWKHWRROGRQRWUHDFK WRWKHFHQWUHWKHQLWZLOOFUHDWH µ0¶
OLNHVXUIDFHURXJKQHVVSDWWHUQ%\REVHUYLQJWKHVHYDOXHVRQIRUPWDO\VXUISHUIHFWFHQWHULQJLVFDUULHGRXW
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:RUNSLHFH6HWXS
*HUPDQLXPOHQVLVSODFHG RQWKH DOXPLQLXPIL[WXUHDQGERWKRI WKHVHDUH IXUWKHUSODFHGRQWKHYDFXXP FKXQN
7KH SUREH RI GLDO LQGLFDWRU LV WRXFKHG WR WKH RXWHU GLDPHWHU RI WKH IL[WXUH DQG SDUW ZDV URWDWHG E\  GHJUHH
$FFRUGLQJ WRSRVLWLRQDOGHYLDWLRQZRUNSLHFHIL[WXUH LVKLW VORZO\ZLWKDSODVWLFVWLFNRQ WKHKLJKHVWSRLQW+LWWLQJ
SURFHGXUH FRQWLQXHV XS WR P FRQFHQWULFLW\ GLIIHUHQFH RI D[HV IRU D IXOO WXUQ RI ZRUNSLHFH$IWHU WKH WRRO DQG







PDFKLQHG VXUIDFH 7KLV W\SH RI GHIHFW REVHUYHG EHFDXVH WKH FKLSV JHW WUDSSHG EHWZHHQ WRRO DQG ZRUNSLHFH DQG
UXEEHGRQ WKHZRUNSLHFH VXUIDFH8OWLPDWHO\ LW LV GXH WR FXWWLQJ IOXLG WKDW IDLOV WRGLUHFW FKLSV DZD\ IURPFXWWLQJ
]RQH5DLQERZ SDWWHUQREVHUYHGGXHWRZKLWHOLJKWLVGLIIUDFWHGIURPWKHURXJKVXUIDFH
%\UHGXFLQJSURGXFHGIHHGUDWHIURPPPPLQDQGGHSWKRIFXWPFXWWLQJVSHHGUSPDQGXVLQJ
IORRG FRROLQJPHWKRG %HFDXVH RI ORZHU IHHG DQG GHSWK RI FXW FKLS WKLFNQHVV ORZHU WKDQ FULWLFDO FKLS WKLFNQHVV
PDFKLQLQJWDNHVSODFHLQGXFWLOHPRGH0DFKLQHGFOHDUVXUIDFHZLWKWULOREHSDWWHUQLVREVHUYHG$VVKRZQLQ)LJ
)LJ6WUXFWXUHRIWULOREHSDWWHUQ
,Q WKH FDVHRIWULOREHLQYHVWLJDWLRQXQGHUZKLWHOLJKWLQWHUIHURPHWHU LWLVIRXQGWKDWWULOREHLVWKH HIIHFWRIFU\VWDO
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/RZHU UDGLXV WRRO IDLOV HDUOLHU DQG XQDEOH WR FUHDWH UHTXLUHG FRPSUHVVLYH IRUFHV IRU PDFKLQLQJ 7KLV W\SH RI
GDPDJH ZDV IRXQG WR YDU\ GHSHQGLQJ RQ WKH FXWWLQJ GLUHFWLRQ GXULQJ PDFKLQLQJ RI VLQJOH FU\VWDO JHUPDQLXP
5DQGDOO7HWDO:KLWH OLJKW LQWHUIHURPHWHUUHVXOWRI7ULOREHSDWWHUQ RQJHUPDQLXPOHQVVXUIDFHLVVKRZQLQ)LJ
)HHG UDWH DIIHFWV WKH FULWLFDO FKLS WKLFNQHVV ZKLFK LV DQ LPSRUWDQW SDUDPHWHU IRU GXFWLOH WR EULWWOH WUDQVLWLRQ
&ULWLFDOFKLSWKLFNQHVVIRUPVDWD KLJKHUGHSWKIURPWKHVXUIDFH:KHQIHHGUDWHLQFUHDVHV WKHSLWWLQJ RFFXUVRQWKH
PDFKLQHG VXUIDFH DQG VXUIDFH URXJKQHVV LQFUHDVHV6XUIDFH URXJKQHVV LQFUHDVHV DV LQFUHDVH LQ IHHG UDWH VKRZQ LQ
)LJ2SWLPXPIHHGUDWH DOWHUVPDFKLQLQJIURPEULWWOHWRGXFWLOHPRGH DQG UHWDLQVJRRGIRUPDFFXUDF\YDOXH 'HSWK




6HFRQG WRRORI PPWRRO UDGLXVQHJDWLYH UDNHZLWKQRQFRQWUROOHGZDYLQHVV LV XVHG IRU IXUWKHUPDFKLQLQJ
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7KLUGW\SHGLDPRQGWRRORIPPUDGLXVQHJDWLYH UDNHZLWKFRQWUROOHGZDYLQHVVLVXVHG &XWWLQJSDUDPHWHUV
DUHUSP VSHHG PPPLQIHHGDQGPGHSWKRIFXWLVXVHG)ORRGFRROLQJRIRGRUOHVVPLQHUDOVSLULW LVXVHG
)RUPDFFXUDF\REVHUYHGXQGHU]\JRUHGOLJKWLQWHUIHURPHWHULVIULQJH
 &RQFOXVLRQ
9DULHW\RIPDFKLQLQJSDUDPHWHUV OLNHGHSWKVRI FXW DQG IHHG UDWHV DORQJZLWK FRQWUROOHG DQGQRQFRQWUROOHG WRROV
XVHG LQ WKH GLDPRQG WXUQLQJ RI *HUPDQLXP OHQVHV $FFXUDWH VHWWLQJ RI GLDPRQG WRRO DQG JHUPDQLXP OHQVHV RQ





5DNH DQJOH QHJDWLYH GHJUHHV FRQWUROOHGZDYLQHVVDQG UDGLXV PPVLQJOHSRLQWGLDPRQG WRRO IRXQGFDSDEOHRI
HIIHFWLYHPDFKLQLQJRIJHUPDQLXPOHQVHV
$FNQRZOHGJHPHQW
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